In this study, antibacterial and anti-mildew fungal activities of the twig and fruit essential oil and its constituents from Eucalyptus citriodora were investigated in vitro against eight bacteria and seven mildew fungi, respectively. The major ingredient responsible for the antibacterial and anti-mildew fungal activities were also identified. The essential oil from the fresh twigs and fruits of E. citriodora were isolated using hydrodistillation in a Clevenger-type apparatus, and characterized by GC-FID and GC-MS, respectively. The twig oil consisted primarily of 1,8-cineole (17.7%), p-cymene (17.1%), caryophyllene oxide (13.8%), and isopulegol (12.2%); the fruit oil's main constituent was p-cymene (23.2%), α-pinene (16.1%), α-cadinol (11.5%), and τ-cadinol (8.4%). In addition, comparing the antibacterial and anti-mildew fungal activities of the oils showed that the fruit oil was the most effective. For the antibacterial and anti-mildew fungal activities of the fruit oil, the active source compounds were determined to be α-cadinol and τ-cadinol.
The plant family of Myrtaceae contains 133 genera and 3800 species. Of these, Eucalyptus is the most famous evergreen large tree genus, there are about 700 species in the genus [1] . Eucalyptus citriodora, commonly known as 'lemon-scented eucalyptus', 'blue spotted gum' or 'lemon-scented gum' [1] . With respect to E. citriodora leaf essential oil, there are numerous studies of its compositions and bioactivities, such as antibacterial, anticandidal, reducing phlegm, antitussives stimulant, analgesic, and antiinflammatory; as herbicidal, insecticidal, antihelmintic, anticancer and antioxidant etc. [2] [3] [4] [5] . However, there is few studies on the essential oils from E. citriodora twigs and fruit, least with their bioactivities. Therefore, in this study, the essential oil from the twigs and fruits were first isolated using hydrodistillation, and then analyzed by GC-FID and GC-MS. The second part of the study, we examined the anti-bacterial and anti-mildew fungal activities of the twig and fruit oils. The purpose of this study was to establish a chemical basis for the effective multipurpose utilization of the species.
Based on the dry weight of twigs and fruits, hydrodistillation of E. citriodora produced yellow-colored oils with yields of 0.68 ± 0.02 and 0.96 ± 0.03 mL/100g, respectively. All compounds are listed in order of their elution from the DB-5 column (Table 1) . A total of 22 compounds were identified from the hydrodistillated twig oil of E. citriodora. Oxygenated monoterpenes were predominant (58.0%), followed by oxygenated sesquiterpenes (21.3%), monoterpene hydrocarbons (20.4%), and sesquiterpene hydrocarbons (0.1%). Among the oxygenated monoterpenes, 1,8-cineole (17.7%), and isopulegol (12.2%) were the chief compounds. Of the oxygenated sesquiterpenes, caryophyllene oxide (13.8%) was the main compound, whereas of the monoterpene hydrocarbons, p-cymene (17.1%) was the major components. The search turns up no report on the twig oil of E. citriodora, however. Thus, the twig oil composition on E. citriodora represents the first such report in literature. 0.68 ± 0.02 0.96 ± 0.03 a Kovats index on a DB-5 column with reference to n-alkanes [6] . b Relative retention indices experimental: n-alkanes (C 9 -C 24 ) were used as reference points in the calculation of relative retention indices. c MS, NIST and Wiley library spectra and the literature; KI, Kovats index; ST, authentic standard compounds. d not detected.
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Twenty-eight components were identified from the fruit oil. Among the component groups, monoterpene hydrocarbons were the most dominant (42.1%), followed by oxygenated sesquiterpenes (28.7%), oxygenated monoterpenes (25.5%), and sesquiterpene hydrocarbons (2.8%). p-Cymene (23.2%) and -pinene (16.1%) were the major compounds of the monoterpene hydrocarbons. Of the oxygenated sesquiterpenes, -cadinol (11.5%), and -cadinol (8.4%) were the chief compounds, whereas of the oxygenated monoterpenes, -terpineol (6.1%) was the major component. After a thorough search, we found only one report pertaining to the fruit oil of E. citriodora [7] . In the report, the main ingredients of the fruit oil were α-pinene and -terpinene; which was different to our present results.
The twig and fruit oils of E. citriodora were tested against eight bacteria, which include three Gram-positive and five Gramnegative bacteria. The anti-bacterial activities results, presented in Table 2 , demonstrated clearly that the fruit oil superior to those of twig oil. Fruit oil showed moderate growth suppression against all eight bacteria studied. Among these, it exerted excellent inhibitive activities against Bacillus cereus, Staphylococcus aureus, and S. epidermidis, with inhibition zones of 32 to 39 mm and MIC values of 125 to 250 μg/mL. Hence, the fruit oil appeared to inhibit Grampositive bacteria better than it did the Gram-negative bacteria. In order to ascertain the source compounds of E. citriodora fruit oil exerting the antibacterial activities, individual compounds were assayed and the results are shown in Talbe 3. The active source compounds were -cadinol and -cadinol. Various literature reports attesting to the excellent antibacterial efficacies of these compounds [8] [9] [10] [11] .
To test for anti-mildew fungal activities of E. citriodora twig and fruit oils, we've selected seven mildew fungi were tested in accordance with the ASTM G21, JIS Z 2911, and ATCC test method. These mildew fungi, viz.: Aspergillus clavatus (A. c.), A. niger (A. n.), Chaetomium globosum (Ch. g.), Cladosporium cladosporioides (Cl. c.), Myrothecium verrucaria (M. v.), Penicillium citrinum (P. c.), and Trichoderma viride (T. v.), were either pathogens causing liver cancer, diseases of genitalia, or inducing allergies and asthma in humans or degrading cellulosic materials, paper, leather, and wood products [12] [13] [14] . The antimildew fungal indexes demonstrated clearly that the fruit oil had anti-mildew fungal activities superior to those of the twig oil ( Fig.  1 ). Among the fungi tested, the fruit oil was totally inhibitory of mycelial growth of A. clavatus, Cl. cladosporioides, and M. verrucaria at a 1 mg/mL concentration. In addition, the main components of E. citriodora fruit oil were individually tested for their anti-mildew fungal activities. The results are shown in Fig. 2 . α-Cadinol and -cadinol exhibited activity against A. clavatus, Cl. cladosporioides, Ch. globosum, M. verrucaria, and Trichoderma viride with the highest antifungal indexes ranging from 75% to 100% at 100 μg/mL. The IC 50 and MIC values of the-cdinol and -cadinol compounds are shown in Table 3 . The results indicated that the active source compounds were α-cadinol and -cadinol. Previous studies support the contention that these compounds have significant activity for suppressing microbial growth [10, 17] . >200  >200  >200  >200  >200  >200  >200  >200  >200  >200  >200  >200  >200  >200   p-Cymene  >200  >200  >200  >200  >200  >200  >200  >200  >200  >200  >200  >200  >200  >200  -Terpineol  >200  >200  >200  >200  >200  >200  >200  >200  >200  >200  >200  >200  >200 [15] and M. philippinenesis [16] 
-Pinene

Isolation of twig and fruit essential oils:
One Kg each of the twigs and fruits was separately placed in a round-bottom flask along with 3 L of distilled water. The water was heated to boiling and refluxed for 3 h. The essential oil layer above the water was separated, dried with anhydrous sodium sulfate and placed in a specimen bottle; the yields were determined. Each test was repeated 3 times and the data were averaged.
Essential oil analysis:
A Hewlett-Packard HP 6890 gas chromatograph equipped with a DB-5 fused silica capillary column (30 m x 0.25 mm x 0.25 μm film thickness, J&W Scientific) and a FID detector was used for the quantitative determination of oil components. Oven temperature was programmed as follows: 50ºC for 2 min, rising to 250ºC at 5ºC/min. Injector temperature: 270ºC. Carrier gas: He with a flow rate of 1 mL/min. Detector temperature: 250ºC, split ratio: 1:10. Diluted samples (1.0 μL, 1/100, v/v, in ethyl acetate) were injected manually in the split mode. Identification of the oil components was based on their retention indices and mass spectra, obtained from GC/MS analysis on a Hewlett-Packard HP 6890/HP5973 equipped with a DB-5 fused silica capillary column (30 m x 0.25 mm x 0.25 μm film thickness, J&W Scientific). The GC analysis parameters listed above and the MS were obtained (full scan mode: scan time: 0.3 s, mass range was m/z 30-500) in the EI mode at 70 eV. All data were the average of triplicate analyses.
Component identification:
Identification of the twig and fruit oils constituents were based on comparisons of Kovats index (KI) [6] , retention times (RT), and mass spectra with those obtained from authentic standards and/or the NIST and Wiley libraries spectra, and literature [6, 18] , respectively. [19] and as reported earlier [20] . Data are expressed as the means ± SD of 3 independent experiments.
Anti-mildew fungal assays:
The method of Su et al. [21] was adopted. Mold fungi were obtained from the Culture Collection and Research Center of the Food Industry Research and Development Institute, Hsinchu City, Taiwan. References of ASTM G21, JIS Z 2911 and AATCC test method 30 were consulted for the mold fungal strains; 7 strains {A. clavatus (ATCC 1007), A. niger (ATCC 6275), Ch. globosum (ATCC 6205), Cl. cladosporioides (ATCC 13276), M. verrucaria (ATCC 9095), P. citrinum (ATCC 9849) and T. viride (ATCC8678)} were tested. Anti-mildew fungal assays were carried out in triplicate and data were averaged. Different concentrations of the essential oils (12.5-1000 μg/mL) were added to sterilized potato dextrose agar (PDA). The test plates were incubated at 27ºC. Nystatine (50 μg/mL) was used as a positive control When the mycelium of fungi reached the edge of the control plate, the antifungal index was calculated as follows: Anti-mildew fungal index (%)= (1-Da/Db) X 100, where Da is the diameter of the growth zone in the experimental dish (cm) and Db is the diameter of the growth zone in the control dish (cm).
